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F. 0 .  Montgomery and A. D. May (1983) Work journey 
rescheduling: model development and analysis.  
Leeds: University of Leeds, I l lst .  Transp. Stud., 
WP 167 (unpublished 1. 
Using Wakefield a s  a case study, a method was developed 
of t e s t i ng  t h e  e f f ec t s  on t r a f f i c  of several di f ferent  work 
journey rescheduling s t ra tegies .  The method consisted 
essen t ia l ly  of assigning a se r ies  of s i x  0-D matrices t o  t he  
Wakefield network, each matrix representing the  t r i p s  for  
consecutive 15 minute periods over t h e  morning peak. The 
s i x  matrices were obtained by f i r s t l y  disaggregating the  
la hr peak matrix by purpose ( into  home-based work, 
commercial vehicle, and other t r i p s )  and then disaggregating 
each of these three matrices by time. This temporal 
disaggregation was based, for  the  home based work t r i p s ,  
on employee a r r iva l  p rof i les  by zone, and for  t he  CV and 
other t r i p s  on cordon crossing prof i les .  The d i f fe ren t  
s t ra teg ies  were modelled by making adjustments t o  t he  
parameters of t he  employee a r r iva l  prof i les .  
Other relevant papers i n  t h i s  se r ies  are  WP 150 Work Journey 
Rescheduling : Report of Surveys, and WP 168 Work Journey 
Reschediuling : Results and conclusions. 
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1. INTRODUCTION 
1.1 Background 
This paper presents t he  analysis method adopted for  a study 
carried out for  t he  Department of !Cransport, t he  objectives of which were 
(1)  To study the  present pat tern and d is t r ibu t ion  of journeys t o  and 
from work i n  Wakefield, and t h e  constraints imposed by employers, 
unions, domestic conditions, and 
( 2 )  To study t h e  po ten t ia l  ro i e  of incentives i n  encouraging change on 
journey timing, and the  possible costs and benef i ts  which would 
a r i se .  
The morning and evening peak i n  t r a f f i c  l eve ls  i n  urban areas give 
r i s e  t o  several  problems. High leve ls  of car use cause congestion and lead 
t o  increased delays and unre l iab i l i ty  t o  car ,  bus and commercial vehicle 
users, and increased costs  t o  t h e i r  operators. They a l so  encourage use of 
environmentally sens i t ive  routes t o  avoid congestion. 
High leve ls  of bus and r a i l  use increase the  l e v e l  of discomfort on 
public transport  and t h e  chance t h a t  waiting times w i l l  increase because 
buses or t r a i n s  a r e  f u l l .  Peak demands determine the  l eve l  a t  which 
transport  capacity i s  provided; new roads t o  a l l ev i a t e  congestion w i l l  
often only be f u l l y  used during t h e  peak periods; equally a la rge  
proportion of urban public t ransport  vehicles and s ta f f  a r e  required 
solely  for  t he  peak and a re  i d l e  a t  other times. 
The spreading of morning and evening peak t r ave l  demands i s  frequently 
advocated as a means of a l lev ia t ing  these problems and as  an a l te rna t ive  t o  
l e s s  palatable congestion reducing measures such as road construction or  
r e s t r a in t .  The most obvious w a ~  i n  which t h i s  can be achieved i s  by 
removing, or  modifying t h e  requirement on individuals t o  t r ave l  a t  
par t icu la r  times. Since work journeys predominate i n  t he  peaks the  
emphasis has been on employees' hours, which have been modified by the  
introduction of both staggered and f lex ib le  working hours. There has a l so  
been some in t e re s t  i n  modification of school and shop opening hours t o  
reduce the peak. However, it is important t o  note t h a t  changes i n  t he  
r e l a t i ve  costs  of peak and of f  peak t r ave l  can a l so  a f fec t  the  spreading 
of demand. Peak fa re  surcharges, reductions i n  peak public t ransport  
capacity and peak period rest_raint (as  demonstrated i n  Singapore   ats son, 
1978)) can a l l  be expected t o  have some ef fec t .  So, a s  indicated by 
experience i n  York, can a reduction i n  highway capacity, since it 
inevitably causes more congestion i n  the  peak than a t  other times (Dawson, 
1979 ) . 
While spreading of peak demand can have obvious benef i ts ,  it i s  not 
without i t s  drawbacks. Increased demand immediately outside the  peak may 
add t o  delays and t r a v e l  costs  then, and may confl ic t  with other t r a v e l  
requirements. It may also confl ic t  with transport  operators'  need for  
some spare off peak capacity f o r  such a c t i v i t i e s  as  road and vehicle 
maintenance. Choice of mode may also change; peak period bus users could 
conceivably be a t t r ac t ed  t o  car use outside t h e  peak because driving 
conditions were eas ie r  or  cars  more readily available and car  sharing could 
perhaps be made more d i f f i c u l t  i f  potent ia l  sharers1 working hours change. 
Perhaps t h e  greates t  drawback, however, i s  the  lack  of information on 
the scale of effects  of d i f fe ren t  s t ra teg ies  for  spreading the  peak, without 
which it i s  d i f f i c u l t  t o  predict  t he  effects  of transport  au thor i t i es1  
actions or ,  equally importantJy, t o  know how transport  demands w i l l  change 
if employers introduce f l ex ib l e  working hours t o  an increasing extent. 
Some information is  available on t h e  changes resu l t ing  from the  introduction 
of staggered working hours (Selinger,  1976), f l ex ib le  working hours 
(Safavian and McLean, 1975, Department of Transport, 1977). area l icensing 
(Watson, 1978) and capacity reductions (~awson, 1979) but t h i s  information 
i s  often incomplete and more importantly, there  i s  no information on the  
causal process by which t r ave l l e r s  select  any par t icu la r  changed time t o  
t rave l .  
The current project  was designed t o  cast  more l i g h t  on t h i s  i s sue  by 
identifying the  fac tors  influencing time of t r ave l  ( i n  terms of constraints 
a t  workplace and home, and costs  of t r a v e l )  estimating the  changes i n  time 
of t r a v e l  which would be made if these constraints or costs  were modified, 
and predicting the effects  on the  transport  system of such changes. 
1.2 The study approach 
Early work on the developent  of the  form of model necessary t o  cover 
t he  behavioural aspects of t he  objectives (as  outlined i n  Appendixg ) 
demonstrated t h a t  t h e  requirements of such a model would be well beyond 
the  resources of the  project .  The study objectives were therefore modified 
t o  concentrate on the  effects.on t r a f f i c  of given work journey rescheduling 
s t ra tegies .  
Rather than attempt t o  simulate t he  response of firms and t h e i r  
employees t o  d i f fe ren t  types of work journey rescheduling s t ra tegy,  t h e  
study makes the  simplifying assumption t h a t  employees' responses t o  
dif ferent  s t ra teg ies  w i l l  be similar i n  similar types of firm, and uses 
the  patterns of response t o  exis t ing arrangements i n  Wakefield (May e t  a1 
1981) t o  estimate these responses. It then considers s i x  s t ra teg ies  
( i )  a base s t ra tegy representing current conditions 
( i i )  a 'backwards looking' s t ra tegy i n  which all firms work fixed hours, 
t o  t e s t  t he  e f fec t s  of t he  l eve l  of rescheduling which has already 
occurred 
( i i i )  a ' r e a l i s t i c  f lex ib le  hours' s t ra tegy i n  which half  t he  firms for  
whom f lex ib le  or  in te rna l  staggered hours a r e  feas ib le ,  but which 
are  currently on fixed hours, reschedule t h e i r  a c t i v i t i e s  
( i v )  a ' r e a l i s t i c  external staggering' strategy i n  which half  t he  firms 
on fixed hours who a re  unable t o  introduce f lex ib le  hours, but 
have s t a r t  times near t he  peak, have t h e i r  s t a r t  times rescheduled 
(v) a ' r e a l i s t i c  rescheduling' strategy representing a combination of 
(iii) and ( i v )  
( v i )  a 'maximum ef fec t '  s t ra tegy i n  which a l l  firms i n  ( i i i )  and ( i v )  
reschedule t h e i r  operations. 
The e f fec t s  on t r a f f i c  patterns are  then modelled i n  d e t a i l  t o  provide four 
different l eve ls  of response of the  hi&way system. The question of which 
leve l  of response i s  most l i k e l y  i s  not answered, but t he  r e su l t s  serve 
t o  indicate the  importance t o  be placed on obtaining a c learer  understanding 
of the  behavioural processes which would determine the  response. 
1.3 The study area 
It was decided t o  base the  study on Wakefield, which has been identified 
as  l i ke ly  t o  benefit  from peak spreading (Wytconsult, 1976). It was fur ther  
decided t o  concentrate on morning peak period work t r i p s  by pr ivate  car ,  
because 
1 )  or igin  destination data was available f o r  t he  study area for  t he  
a.m. peak period only 
2) work t r i p s  predominate i n  t he  a.m. peak and appear t o  be more amenable 
t o  spreading than education t r i p s  (Wytconsult, 1977) 
3)  unlike most c i t i e s ,  t he  l eve l  of public transport  provision i n  
Wakefield i s  ra ther  uniform throughout the  day, so t h a t  public 
transport  e f fec t s  would have been somewhat atypical .  
1 . 4  Model out l ine  
Perhaps the  eas ies t  way t o  understand the  model i s  t o  consider t he  
process i n  reverse. The required f i n a l  output (flows on l i nks ,  journey 
times, overal l  network performance measures) i s  produced by means of a 
modified version of SATURN ( &TUF~NQ) which i s  an assignment-simulation. model 
designed for  t e s t i ng  t h e  e f fec t s  of t r a f f i c  management schemes on urban 
networks. The basic inputs t o  t he  modified version of SATURN a re  t he  
network coding, and a s e t  of origin-destination matrices one for  each of 
s i x  quarter hour periods covering the  1 2  hour morning peak. 
These matrices a r e  not simply scaled down versions of the  t o t a l  
peak period matrix, because the  d i s t r ibu t ion  of t r i p  purposes changes 
over t he  peak. Rather they were produced by f i r s t l y  disaggregating the  
t o t a l  peak period matrix i n to  purpose groups, and then factoring each 
purpose-matrix in to  i t s  quarter-hour components. The fac tors  f o r  work 
t r i p s  were obtained by cal ibrat ing curves (or  p rof i les )  t o  t he  a r r iva l  
patterns of employees, and for  other groups of t r i p s  by using a combination 
of these work t r i p  fac tors ,  and factors obtained from cordon counts. 
1.5 Report out l ine  
Chapter 2 describes i n  d e t a i l  how the  a r r iva l  p rof i les  of employees 
were obtained and Chapter 3 describes how these and other prof i les  were 
used t o  aisaggregate t he  0-D matrices. Subsequent chapters then describe 
the modification and application of SATURN, the  cal ibrat ion and validation 
of i t s  output. 
* 
2. EMPLOYEE ARRIVAL PROFILES 
2.1 Introduction 
This chapter describes the  process by which the  dis t r ibut ions  of 
employee a r r iva l  times were obtained f o r  dif ferent  types of firm with 
different  types of work schedules. These ' a r r i va l  p rof i les1  were used t o  
disaggregate t he  peak period t r i p  matrix for  t he  'base1 s t ra tegy and were 
assumed t o  be t ransferable  t o  similar types of firm when they were required, 
i n  any of t he  other s t r a t eg i e s ,  t o  change t h e i r  work schedules. Thus the  
a r r iva l  p rof i le  for  a f i r m  i n  Standard Industr ia l  Classification (SIC) 27 
which transferred t o  f lex ib le  hours i n  t he  ' r e a l i s t i c  rescheduling' 
s t ra tegy was assumed t o  be the  average prof i le  of those SIC 27 firms 
-. 
already working f lexible  hours (Appendix A l i s t s  t he  SICS used). 
2.2 Data 
-
WP 150 (Report of surveys) gives full de ta i l s  of t he  relevant surveys. 
Briefly, questionnaire surveys were carr ied out among employers (stage 1) 
and employees (Stage 2 )  over a range of firms i n  t h e  cen t ra l  and intermediate 
areas of Wakefield. The primary aim was t o  obtain a s  much information as 
possible about t he  a r r i v a l  patterns of firms i n  t he  cen t ra l  area  (Zones 1-11 
& 16)  (Fig. 1 . However poor response among some employment categories 
led  us t o  survey some intermediate area firms as  a proxy for  t h e i r  central  
area counterparts. 
Stage 1 data consis ts  of de t a i l s  of the  firms' locat ion,  SIC group, 
and the number of persons working i n  the  firm, c l a s s i f i ed  by type of work 
hours (fixed,  f lex ib le ,  ro ta t ing  s h i f t s  o r  staggered hours). The s t a r t  and 
f in i sh  times of each s h i f t  a r e  alsogiven (ranges i n  t he  case of f lex ib le  
hours). 
Stage 2 data, which i s  available for  only a proportion of t he  Stage 1 
firms, consists of d e t a i l s  of t he  employee's journey t o  work, including 
modes used, journey times, times of a r r iva l  over a week, and whether t h e  
respondent i s  able t o  vary his /her  a r r i v a l  time from day t o  day. 
The main input t o  t he  modelling process described here consisted of 
tabulations of t he  Stage 2 data using SPSS. Tabulations were produced of 
t he  number of respondents arr iving by firm by 5-minute period (within t he  
range 7.00 a.m. - 10.15 a.m. ). The tabulations were run for  those able t o  
vary t h e i r  work hours from day t o  day, and (separately) f o r  those not able 
t o  do so; and for  those arr iving as  car driver as  well as  a l l  modes. 
2.3 Need for  a model 
Even if data had been avai lable  on the arrival times of a l l  employees 
i n  a l l  firms, it would s t i l l  have been useful t o  construct a model ra ther  
than use the  actual  data as input for  t he  following reasons: 
1) Reported a r r i v a l  times a r e  often clustered around eas i ly  remembered 
times such as  8.30, 8.45 etc . ,  giving t h e  i l l u s ion  of l i t t l e  peaks 
within the main peak. A sui table  model f i t t e d  t o  t h e  data  smooths 
out these peaks. 
2 )  The use of an ana ly t ica l  function i n  t he  model enables the  a r r i v a l  
patterns t o  be represented much more succinctly - by 2 parameters 
ra ther  than one per time s l i ce .  
<. . 
3)  Defining each pattern by only 2 parameters makes it much eas ie r  t o  
NOT TO SCALE 
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Fig. 1 The Wakefield Study Area 
examine and a l t e r  individual firms' pat terns  when t e s t i n g  s t ra teg ies .  
Data i s  available for only a proportion of firms however, so t ha t  the  
model must also be used t o  estimate t he  a r r iva l  patterns of those firms f o r  
which no data i s  available.  This process entai led examining the  parameters 
of t he  fixed a r r i v a l  pat terns  t o  see whether and how they were re la ted  t o  
potent ia l  c lass i f ica tory  variables such as SIC.  The r e s u l t s  of t h i s  process 
a r e  described l a t e r .  
2.4 Form of t he  model 
F i r s t l y ,  ra ther  than model t he  actual  numbers arr iving i n  each time 
period, it was decided t o  model t he  cumulative pat tern,  i . e .  t he  proportion 
arrived by a given time, expressed as  a percentage of t he  t o t a l  a r r iva l s  i n  
the  period modelled (7.00 - 10.15 a.m. ), See Fig. 2. 
The modelling process then resolves i t s e l f  i n to  a curve-fi t t ing 
exercise. That is ,  t he  form of curve t o  be used i s  decided simply on the 
basis of how well it f i t s  t h e  data and conforms t o  t he  constraints presently 
s e t  out, and i s  not based on any behavioural assumptions. There is  indeed 
scope for  future  research t o  develop such a behavioural model. 
There i s  only one constraint  on the  f i t t e d  curve, and t h a t  i s  t ha t  
it must be non-decreasing ( i . e .  it i s  impossible for  l e s s  people t o  have 
arrived a t  time t + 1 than a t  time t ) .  
Various forms of curve were attempted including polynomials, cubic 
splines and l o g i t ,  and the  l a t t e r  was chosen because 1) it was the  only one 
consistently t o  s a t i s fy  t he  forementioned constraint;  2 )  it i s  defined by 
only two parameters as opposed t o  4 or  5 for  t he  other forms; 3)  t he  
function i s  eas i ly  calculable by computer. 
(Note t ha t  t he  cumulative normal curve could have been used and would 
sa t i s fy  1 and 2 above, but i s  not so eas i ly  calculable ). 
The form of t he  function chosen i s  thus 
where x = time i n  minutes a f t e r  midnight 
y = estimated % arr ived bytime x 
e = base of natural  logs 
a,8  a re  parameters t o  be calibrated.  
- .  
(Note: a is closely re la ted  t o  t he  mean a r r iva l  time, and 8 t o  t h e  peakiness 
of t he  a r r iva l  pattern.  ) 

2.5 Calibration 
The parameters a & 6 were determined f o r  each s e t  of data points as 
follows : 
eqn (1 )  becomes 
Taking logs;  -B(x-a) = ln((100 - y) /y)  
O r :  l n (  (100 - y)/y)  = -Bx + Ba . . . . .. (2)  
Eqn (2 )  i s  a l i nea r  equation with abscissa = x and ordinate = 
l n  ( (100-Y )/Y). Thus the  best  s t ra igh t  l i n e  f i t t e d  through the  transformed 
data points has slope = -6 and intercept = Ba. 
(note t ha t  only those values .of y greater  than 0 and l e s s  than 100 are  used 
i n  the  calibration.  ) 
The advantage of t h i s  method of cal ibrat ion i s  i t s  simplicity and 
robustness. However it suffers  from the  disadvantages t h a t  1 )  a goodness 
of f i t  s t a t i s t i c  is  available only for  the  transformed data,  and cannot be 
t ransferred t o  t he  or ig ina l  data; 2 )  data points close t o  y = 0 or  y = 100 
tend t o  exert  a stronger influence than they should on t h e  r e su l t .  
2.6 Results of cal ibrat ion 
A program was wri t ten t o  carry out t he  cal ibrat ion for  each data set 
and also t o  plot  t he  data and t h e  f i t t e d  curve. Examples of the  output are  
shown i n  Figs. 3 and 4. It w i l l  be seen t h a t  the  form of t he  data consis ts  
of a f l a t  section (during which the re  a r e  no a r r iva l s )  followed by a curved 
section (representing the  a r r i v a l s ) ,  followed by another f l a t  section 
(during which there  are  no fur ther  a r r iva l s ) .  The program automatically 
f i t s  a l o g i t  curve t o  those points where ( 0  < y  < l o o ) ,  and gives a s  output 
t he  cal ibrated range and coefficients of the  curve. 
Examination of t h e  graphical output for  each data s e t  great ly  aided 
the  decision whether t o  accept or r e j ec t  t he  f i t t e d  curve as  being 
representative of t he  data. In  a few cases the  data was too sparse t o  
enable a curve t o  be f i t t e d  a t  a l l  but otherwise t he  curves approximated 
the  data very well. One exception worth noting was firm 96, where the use 
of a works bus r e su l t s  i n  a very peaw a r r iva l  pat tern for  t h e  bus users,  
followed by a more spread-out pat tern f o r  t he  r e s t .  Thus t h e  cumulative 
a r r iva l  pattern as i n  Fig. 5-cannot be represented properly by a l o g i s t i c  
curve. 
Legend : 
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Fig.5 Unusual ar r iva l  pa t t e rn  of f i rm  96 due to use of works bus 
The problem of how t o  represent t h i s  type of a r r i v a l  pat tern i s  worthy 
of further investigation,  but as  i n  t h i s  study we are  concerned primarily 
with a r r iva l s  by car t he  problem need not concern us further.  
Tables 1 and 2 then,  show the  r e su l t s  of cal ibrat ing the  curves. 
Table 1 shows the  r e su l t s  for  each firm, both for  car a r r iva l s  and for  all 
modes. Table 2 re fe rs  t o  those firms where the proportion of employees 
able t o  vary t h e i r  work hours i s  not close t o  0 or  1. Table 2a shows for  
these firms, t he  r e su l t s  of cal ibrat ing curves against only the a r r i v a l  
times of those employees who can vary t h e i r  hours. Table 2b shows the 
r e su l t s  for  employees who cannot vary t h e i r  hours. 
2.7 Classification of curves 
2.7.1 In  classifying the  curves i n to  types, there  a r e  two a t t r i bu te s  t o  be 
considered, corresponding t o  t he  two parameters B & a. The f i r s t  a t t r i bu t e  
i s  t he  maximum slope of t he  curve, which i s  determined by B and i s  inversely 
proportional t o  t h e  standard deviation of t he  a r r i v a l  time data. The second 
a t t r i bu t e  i s  t he  posit ion of t he  curve on the  time ax is ,  which i s  determined 
by a and i s  d i rec t ly  re la ted  t o  the  mean of the  a r r iva l  times. 
2.7.2 Classification by SIC It had been thought from the  s t a r t  t h a t  there  
would be some correla t ion between the  type of t he  curve and the  SIC of the  
firm, and t h i s  was therefore  the  f i r s t  re la t ionship t o  be examined. 
Fig. 6 then, shows the d i s t r ibu t ion  of B with SIC, for  a l l  mddes and 
for cars only. It i s  obvious from t h i s  tha t  t h e  var ia t ion within SIC'S 
i s  as  much as or greater  than the  var ia t ion between them, i . e .  t he re  is no 
detectable re la t ionship between SIC and 8. 
The next stage was t o  look a t  t he  correlation between SIC and a. 
In  f ac t  ra ther  than a we examined t h e  mean a r r iva l  time, determined from 
Stage 1 surveys for  firms on fixed or  staggered hours, or  Stage 2 surveys 
for  those on f lex ib le  hours. (The reason for  ex-ningmean a r r iva l  times 
ra ther  than a was t o  increase the amount of data for  comparison - a & B 
parameters were only obtainable f o r  those data s e t s  where suf f ic ien t  Stage 
2 responses had been obtained t o  ca l ib ra te  a curve). 
Fig. 7 therefore shows t h e  re la t ionship between SIC and mean a r r iva l  
time, and f r o m t h i s  it can be seen tha t  there  is i n  f ac t  a degree of 
correspondence, with t he  mean s t a r t i ng  times of most SIC'S tending t o  
c lus te r  around d i f fe ren t  positions. 
. 
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TABLE 1. 
Results of f i t t i n g  LOGIT curves t o  firms'  a r r i v a l  p rof i les  
NB. Curve formula i s  y = 100/(1 + e -@(x-")); , = tirne 
y = % arrived 
TABLE 2. 
Results of f i t t i n g  LOGIT curves t o  firms' a r r iva l  p rof i les  
- s p l i t  according t o  employee's a b i l i t y  t o  vary hours or  not 
NB Curve formula is y = 100j(l + e 
y = % arrived 
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Hence, although there  i s  no evidence of a re la t ionship between SIC and 
6 ( the  shape of t he  curve) there  does appear t o  be a correspondence with 
the mean a r r i v a l  time (hence a ,  t h e  posit ion of t he  curve). 
2.7.3 Classification by s t a t ed  work hour type It was therefore s t i l l  
necessary t o  f ind  a c lass i f ica tory  var iable  f o r  6, and t h i s  was found i n  
the  "type of work hours" as s t a t ed  by the firms i n  t he  Stage 1 surveys. 
Work hours types included Fixed hours, Flexible hours, and Staggered hours 
( the  l a t t e r  including ro ta t ing  s h i f t s ,  a category occurring i n  only 5 firms). 
Fig. 8 i s  a scattergraph showing the  calibrated a & 6 for  each firm ( a l l  
modes). The symbols denote t he  dominant work hour type i n  each firm. (Note 
t ha t  for  those firms where no one type i s  dominant, i . e .  those l i s t e d  on 
Table 2 ,  t he  r e su l t s  for  both types a r e  
Fig. 9 shows the  same but for  car  a r r iva l s  only. 
It can be seen t h a t  i n  both graphs the points f a l l  i n to  two groups, with 
fixed hour firms tending t o  have 6 values i n  a higher range than e i the r  
f lex ib le  or  staggered work hours firms. 
Thus for  a l l  modes (Fig. 8 )  t he  6 value for  f lexible/staggered hours 
firms l i e s  between 1. 0.05 and 0.10 whereas t he  value for  f ixed hour firms 
is between 0.10 and 0.15. Similarly for  car a r r iva l s ,  flexible/staggered 
hours firms have a 6 from % 0.05 t o  0.09, with fixed hours ranging from 
1. 0.08 t o  0.16. 
The re la t ionship between s ta ted  work hours and a i s  not so d i s t i n c t ,  
but there  does appear t o  be a tendency for  t he  average s t a r t  time of employees 
on f lex ib le  hours t o  be e a r l i e r  than those on staggered, and for  t he  l a t t e r  
t o  be e a r l i e r  than those on fixed hours. This i s  a fur ther  topic  which would 
benefit  from further study. 
Hence it would appear t h a t  the  type of work hours, as  s ta ted  by the 
firms i n  the  Stage 1 surveys, can be used t o  c lass i fy  t he  6 values. 
2.7.4 Difference between car  a r r iva l s  and all modes Referring back t o  
Table 1, an examination of t he  a parameter firm by firm shows tha t  i n  8 cases 
a is lower for  'cars only' than for  ' a l l  modes', and i n  6 cases it i s  higher. 
Looking a t  t he  6 parameter, it can be seen t o  be lower for  'cars only' 
i n  10 cases, and higher i n  4 cases. Application of t h e  's ign'  t e s t  gives 
probabi l i t ies  of 39.5% and 9.0% respectively for these o r  more extreme 
outcomes. Thus there  is  no s ignif icant  difference between the  a r r iva l  
patterns of cars and a l l  modes. 
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Fig. 9 Scattergraph showing distribution of a and P by f irm for arrivals by car 
This being the case, it becomes ju s t i f i ab l e  t o  u t i l i s e  the  patterns 
for  'all modes' i n  t h e  model where insuff ic ient  data had resul ted i n  
unreliable or  non-existent 'cars only' patterns.  
2.8 Extension t o  firms not surveyed i n  Stage 2 
The purpose of classifying the curves as  described above is  of course 
so tha t  reasonable estimates can be made of t he  a r r i v a l  patterns of those 
firms not surveyed. For those firms which have been surveyed i n  Stage 2,  
and for  which prof i les  a r e  therefore available,  the  parameters cal ibrated 
for  'cars only' were used where available,  otherwise those f o r  ' a l l  modes' 
were used. 
For those firms not surveyed i n  Stage 2 ,  t he  following procedures- 
were adopted. 
1) Firms surveyed i n  Stage 1 
For these firms de t a i l s  of t he  work hourswereknown, and a could 
therefore be determined by reference t o  t he  s t a t ed  average a r r iva l  
time. The possible range of 0 for  each firm was determined on 
the basis of t he  s ta ted  work hours type, and within t h a t  range the  
actual  choice of 8 was taken randomly from t h e  observed 
d is t r ibu t ion  of 8 ' s .  
2) Firms not surveyed i n  Stage 1, within the cen t ra l  area  
The SIC'S of these firms i s  known, and t h i s  was therefore  used t o  
determine the possible range of a. Again the ac tua l  choice was. 
made randomly from the  observed dis t r ibut ion of a within t h e  range. 
The choice of 0 for  firms i n  t h i s  group i s  more of a problem a s  t h e i r  
work hour types a r e  not known. The procedure adoptedwesto go through 
the l i s t  examining each firm individually,  and f i r s t l y  a l loca te  a 
work hour type t o  each firm f o r  which the  choice i s  f a i r l y  s t ra ight-  
forward (e.g. f ixed hours f o r  small shops, schools, flexible/staggered 
hours for  l oca l  government of f ices ) ;  and then t o  a l locate  t h e  remainder 
by randomly sampling the  observed dis t r ibut ion of work hour types. 
(This ensures t ha t  t he  f i n a l  estimated d is t r ibu t ion  of work hour types 
among firms i s  approximately t he  same as  t ha t  surveyed.) 
Having thus a l located a work hour type t o  each firm, t he  choice of 0 
Nas made i n  t he  same manner as  i n  (1)  above. 
3) Firms not surveyed i n  Stage 1, intermediate area 
It i s  not necessary t o  have individual p rof i les  for  firms i n  the 
intermediate area,  a s  t he  t e s t  s t ra teg ies  affect  only central  area  
firms. It i s  suf f ic ien t  therefore t o  have only one overal l  p ro f i l e  
for  t he  whole intermediate area ,  and i n  t he  absence of contrary 
information i twas  assumed tha t  t he  overal l  a r r i v a l  p rof i les  of t he  
cen t ra l  and intermediate areas are  similar.  Thus the  overal l  
a r r i v a l  p rof i le  for  the  central  area as  obtained i n  1 & 2 above 
was applied t o  t he  intermediate area as  a whole. 
3. MATRIX DISAGGREGATION 
3.1 Introduction 
This chapter describes t he  methods by which the  morning peak or igin  
destination matrices obtained from the  WYTCONSULT Surveys of 1975 were 
updated and disaggregated by purpose and by time. The process i s  summarised 
i n  Fig. 10. 
3.2 0-D data available 
The basic  source of origin-destination data i s  t he  WYTCONSULT surveys 
of 1975. 0-D matrices were produced for  Wakefield by cal ibrat ing a gravity 
model against t r i p s  observed a t  roadside interview s t a t i ons ,  on a cordon 
drawn round the  former Wakefield CB area. These matrices a r e  for  t he  
morning peak period (7.45 - 9.15 a.m. ) i n  1975, disaggregated by purpose 
(HEW, HBO, NHB, EDUC, HGV & LGV) on a 129 zone zoning system. 
3.3 Zoning, network and cordons 
3.3.1- The 129 zone system used i n  WYTCONSULT i s  too f ine  i n  t he  
outer zones for our purposes, as we only require t o  know by which routes 
t r a f f i c  approaches t he  cen t ra l  area. For t h i s  reason, a 32 "zone" system 
was used, consisting of 21 WYTCONSULT zones covering the cen t ra l  area of ~ 
Wakefield, and 11 "route zones" by which all external t r a f f i c  enters  t he  
network. It should be noted t h a t  these "route zones" a r e  not simply 
aggregations of WYTCONSULT zones, but ra ther  the t r i p s  to/frorn them were 
obtained by a cordon i so la t ion  procedure, i . e .  by running an assignment on 
the  129 zone system and recording those t r i p s  passing through each "route 
zone". 
Thus a 32 x 32 zone 0-D_,matrix was obtained i n  which only those 
t r i p s  which would use t he  SATURN network a re  included. (1f t he  route zones 
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had simply been aggregations of t he  or ig ina l  zones, then t r i p s  from say 
10 miles north of Wakefield t o  say 5 miles south, would have been included 
and hence assigned t o  t he  SATURN network, whereas i n  f ac t  they would most 
probably avoid the  Wakefield area altogether by using t h e  M l . )  
3.3.2 Network The network used for  t h i s  study i s  based on, but different 
from, t he  WYTCONSULZ network. It covers t he  cen t ra l  area  of Wakefield from 
Leeds Road/Bradford Road i n  the  North t o  Chantry Bridge i n  t he  South, 
and from Westgate End i n  the  West t o  Peterson Road/Jacob's Well Lane i n  t he  
East. Link lengths and speeds wire provided by WYCC and the  network was 
coded by a postgraduate student i n  t he  In s t i t u t e  a s  par t  of h i s  M.Sc. 
disser ta t ion project  (Yip 1980). 
3.3.3 Cordons There a r e  two cordons pertaining t o  t h i s  model as shown i n  
Fig. 11. The f i r s t  i s  t he  outer cordon mentioned i n  3.3.1 above, defined 
by the l imi t s  of t he  SATURN network which encloses zones 1-21. The second 
or  inner cordon defines t he  CBD or town centre of Wakefield, where t he  
bulk of o f f ice  workers are  employed, and which is  t he  most l i k e l y  area 
within which Work Journey Rescheduling (WJR) s t ra teg ies  could be implemented. 
In  locat ing the precise posit ion of the  inner cordon, t he  following 
points were considered important. 
1) As f a r  as  possible t r i p s  should pass around rather  than through 
t h i s  cordon. This feature makes t h e  prof i les  obtained from cross- . 
cordon flows more useful,  and was achieved by keeping the  cordon 
just  inside the  main inner r e l i e f  roads. 
2 )  The number of roads crossing the  cordon should be as  few as  
possible t o  reduce data collection time and cost .  There a r e  eleven 
crossing points here. 
3) The cordon should be car-t ight,  i .e .  there  should be no uncounted 
minor roads, back lanes e tc .  
4) The area enclosed by the  inner cordon should, as f a r  as  possible, 
contain the majority of workplaces amenable t o  WJR, and exclude 
as  f a r  as  possible those workplaces which a re  not so amenable, and 
also non-workplaces. The chosen cordon therefore excludes t he  
heavy indus t r ia l  area  south of Ings Road and the  River Calder (zones 
19, 20, 21) and the  predominantly res ident ia l  areas t o  t he  north, 
east  and west of t he  central  area. 
The two cordons thus define three areas;  central ,  intermediate and external.  
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Fig. 11 Relationship of cordons to zoning system 
The following paragraphs describe the  re la t ionship of each of these areas 
t o  the  network and consequently t o  t he  survey methods required t o  model the  
e f fec t  t h a t  work journeys t o  these areashaveon congestion i n  t h e  network. 
3.3.3.1 Central area  Because the central  area i s  subject t o  WJR s t ra teg ies ,  
it i s  necessary t o  model with reasonable accuracy the  present work journey 
a r r iva l  patterns i n  t h a t  area ,  i n  order t o  make sensible comparisons between 
base and t e s t  conditions. Thus it was attempted t o  carry out surveys of every 
employer i n  the  cen t ra l  area employing more than 1 5  people, t o  obtain up- 
to-date de t a i l s  of t h e  number and type of employees, and current work 
schedule arrangements. Additionally, a sample of firms was c i rculated with 
employee questionnaires, i n  order t o  obtain t he  current modal s p l i t  and 
times of a r r i v d .  The information obtained from the  employee surveys was 
expanded by means of t he  employer surveys and other data t o  produce a 
histogram or  prof i le  of a r r i v a l  times by car f o r  each f i r m .  These prof i les  
were then added (weighted by t h e  number of employees) t o  obtain a r r i v a l  
p rof i les  by zone (see Chapter 2) .  
3.3.3.2 Intermediate area  'Fne intermediate area between the  two cordons 
would not be subject t o  W J R  s t r a t eg i e s ,  but t r a f f i c  generated/attracted 
there  does have a strong influence on congestion i n  t he  network. Hence it 
was thought useful t o  carry out some employer/employee surveys i n  t h i s  area,  
but a lower sample f ract ion than i n  the  central  area was used. 
3.3.3.3 External area  Because of t he  extent of t he  external area ,  i t s  
contribution t o  network congestion i s  l i ke ly  t o  be much more evenly spread 
over time than the  cen t ra l  and intermediate areas. It i s  not intended nor 
indeed would it be practicable,  t o  survey t h e  a r r iva l  times of firms i n  
t h i s  area, and i n  any case as w i l l  be seen l a t e r  the  prof i les  of t r a f f i c  
a t t rac ted  t o  external zones can be obtained f r o m t r a f f i c  counts alone. 
3.4 Modifying t h e  i n i t i a l  0-D matrices 
Referring again t o  Fig.10, t he  derivation of t h e  i n i t i a l  32 zone 
matrix ( ( 4 )  i n  ~ i ~ .  10) has already been described. There a r e  i n  f a c t  3 
such matrices, for HBW private  vehicles,  CV's and a l l  other (non-bus ) 
vehicles. A l l  these matrices of course r e f e r  t o  1975 AM peak period 
flows, and it i s  therefore necessary t o  modify them t o  1980 flows before 
they can be used i n  t he  model along with 1980 employment surveys, t r a f f i c  
counts e tc .  
-. . 
This modification i s  accomplished i n  three stages as  follows: 
1) The application of overal l  growth factors  t o  each matrix t o  
account for  overal l  t r a f f i c  growth from 1975 t o  1980 and t o  
convert from v e h i c l e s t o  PCUs ( ( 6 )  Fig. 10).  
2 )  After adding the  th ree  matrices t o  form a t o t a l  PCU matrix, t h e  
application of t he  liurness technique t o  make the  row and column 
t o t a l s  for  t h e  route  zones agree with t he  measured 1980 flows 
on those routes  ((81 Fig. 10 ) .  
31 The application of t he  UPDATE program associated with SATURN, 
which modifies t h e  matrix elements within t he  given row and 
column t o t a l s  so t h a t ,  when assigned t o  the  network, t he  resul t ing 
flows agree w i t h  measured l i n k  flows ( ( 9 1  Fig. 10) .  
The outer cordon counts applied in ( 2 )  were for  t he  1; hour period 7.45 - 
9.15 (i.e. the  period covered hy the 0-D matrix).  These counts were 
aggregations of t he  5 minute counts conducted i n  November 1980. 
The counts used in t he  UPDATE process were ohtained mainly from 
bTYCC. These counts were carr ied out i n  various months and years,  and 
factored t o  1980 by reference t o  long-term automatic count data. They each 
re fe r  t o  the  peak hour, so t ha t  before they could he used i n  the UPDATE 
program the  matrices had t o  he factored down t o  1 hour values and suh- 
sequently factored back t o  a 1; hour matrix using the 1980 r a t i o  of 1; 
hour flow/l hour flow a t  t he  in te rna l  cordon. 
The UPDATE. process can be carr ied out a t  present only on the  
0-D matrix, and not on selected purpose sub-matrices. This i s  because the 
process involves running the  simulation and assignment s tages  of SATURN 
t o  determine the paths taken from each or igin  t o  destination,  and t h i s  i s  
obviously dependent on the  - t r a f f i c  using the  network. Tahle 3 shows 
the r e s u l t s  of the  updating process i n  summary. 
3.5 Required form of data 
In this study we a r e  t e s t i ng  the  effect  of rescheduling work times 
in t h e  central  area of Wakefield, and are  looking only a t  t he  effect  on the 
1; hour morning peak period. Thus only the  hatched areas  of t he  home-hased- 
m r k  matrix on Fig. 12 (i.e. t he  journey t o  work in t he  cen t ra l  a r ea l  are  
-
d i r ec t ly  affected by the  t e s t  s t ra teg ies .  Trips i n  t h e  other pa r t s  of t he  
home-based-work matrix, and t h e  other purpose matrices may be ind i r ec t ly  
affected due t o  changes i n  network congestion - t he  model predicts  changes 
- 
i n  delays and routes for  these t r i p s ,  but not re-timing. 
TABLE 3 SUMMARY OF UPDATE RUNS 
Total trips assigned 
Note: shaded cells are potentially affected by W J R 
Fig.12 Resultant parts of the 0- D matrix for work trips 
The t r i p s  made during the  a.m. peak therefore f a l l  i n t o  t w o  groups 
1. Those which can be d i r e c t l y  a l te red  by rescheduling s t ra teg ies .  
2. Those which a re  affected only indirectly.  
When disaggregating the  t o t a l  origin-destination matrix (obtained a s  i n  
Section 3.4) i n to  d i sc re te  time s l i ce s ,  it i s  therefore,  necessary t o  keep 
these t w o  groups separated. 
What we require then i s  (1 )  a se t  of 0-D matrices for  home-based-work 
t r i p s  t o  t h e  cen t ra l  area ,  i n  discrete  time s l i c e s  covering t h e  morning 
peak period; ( these matrices w i l l  vary for  dif ferent  s t ra teg ies  although 
the t o t a l  number of t r i p s  for  each 0-D pair  across a l l  time s l i ce s  w i l l  
remain constant)  ( 2 )  a se t  of 0-D matrices covering a l l  other t r i p s ,  f o r  
t he  same time s l i c e s  (these matrices w i l l  remain fixed over a l l  t e s t s ) .  
3.6 Outline of disaggregation method 
There are  two main stages i n  predicting the  e f fec t  of t he  s t ra teg ies  
being tes ted .  These a r e  f i r s t l y ,  t he  response t o  t he  s t ra tegy and secondly 
the  e f fec t  of t h a t  response on t r a f f i c  conditions. 
In  the  method described here, t he  response t o  a s t ra tegy i s  not par t  
of the  model prediction procedure, but instead i s  part  of t h e  input t o  
t he  model, In other words, t he  response for  each workplace ( i n  terms of 
the  a r r iva l  p ro f i l e s  resul t ing from par t icular  work schedules) i s  determined 
outside t h e  model, based on surveys of t he  a r r iva l  p ro f i l e s  of similar firms 
on similar schedules. The production of these prof i les  was described i n  
some d e t a i l  in Chapter 2 ,  but here we a re  discussing only the  manner i n  
which the  prof i les  and other data were used t o  temporally disaggregate 
t he  t o t a l  0-D matrix. 
One o r  t w o  caveats should be mentioned with regard t o  t h e  method 
described. F i r s t l y ,  SATURN does not process groups of vehicles over l i nks  
in  the  network i n  t he  way tha t  say CONTRAM would do. Rather, a l l  t r i p s  
in one 0-D time s l i c e  a r e  assumed t o  be loaded on t o  t he  network uniformly 
during t h a t  time s l i ce .  Moreover, t he  time s l i c e  i n  which any t r i p  f a l l s  
is assumed t o  depend on e i the r  t he  a r r iva l  time a t  t he  workplace ( for  work 
t r i p s  destined for  the  cen t ra l  and intermediate areas)  or  t he  cordon 
crossing time otherwise. Hence in t h i s  method the length of t he  time 
s l i c e s  should not be l e s s  than the  average journey time across t he  network. 
Secondly, t he  method described for  disaggregating the  non-work 0-D 
matrices depends on t h e  inner cordon being located such t h a t  the  majority 
of "throughtt t r i p s  pass around it ra ther  than through it. 
Section 3.4 described how the updated t o t a l  0-D matrix ( ( 9 )  of Fig. 10)  
was obtained. The r e s t  of t h i s  section describes i n  au t l ine  the r e s t  of 
t h e  method from t h a t  stage.  The following four sections w i l l  then describe 
each stage i n  more de t a i l .  
Referring again t o  Fig.10, t he  next stage i s  t o  disaggregate the  
t o t a l  matrix (9)  i n to  three matrices by purpose. It i s  necessary t o  
separate the  HEiW matrix because we wish t o  disaggregate it i n  dif ferent  
ways for  d i f fe ren t  t e s t s .  It i s  not s t r i c t l y  necessary t o  separate t he  
commercial vehicle matrix, but f a i l u r e  t o  do so i s  l i k e l y  t o  lead t o  
loss  of accuracy, due t o  t he  different  shape of t he  trip-time prof i le  of 
CVs compared t o  other t r a f f i c .  
Having obtained these 0-D matrices for  t he  peak period, t h e  next 
stage i s  t o  disaggregate them in to  time s l i ce s  of 15 minutes. F i r s t l y ,  home 
based work t r i p s  with destinations i n  the  central  o r  intermediate areas 
are  disaggregated by application of trip-time prof i les  obtained from firmst 
surveys, by destination zone. Secondly t h e  commercial vehicle t r i p  matrix 
i s  disaggregated by application t o  t he  matrix as a whole of trip-time 
prof i les  obtained from cordon counts of CVs. (Note t h a t  CVs are  t he  only 
11 purpose" group, capable of being separately iden t i f ied  from cordon co~yl t s . )  
Thirdly the  remaining par t s  of t he  0-D matrix ( i . e .  HBW t r i p s  with external 
destinations,  other home-based, non-home based and education trips), are  
t rea ted  as  one, and disaggregated by means of a combination of cordon count 
prof i les  and firms' surveys. 
3.7 Disapuregatinu t h e  t o t a l  0-D matrix by purpose 
To carry out t h i s  process, it is assumed t h a t  t h e  purpose s p l i t  for  
each 0-D pa i r  i s  the  same i n  1980 as  it was i n  1975. 
i . e .  t ha t  T . .  80 T . .  75 where p denotes purpose. 
-u.F! =3 
T . .  80 75 
LJ  Ti j  
Hence t o  obtain the 1980 matrix for  purpose p we simply fac tor  each element 
of the  updated t o t a l  0-D matrix by t h e  relevsnt 1975 purpose s p l i t ,  i . e .  
This process maintains t he  same t o t a l  number of t r i p s  i n  each 0-D pa i r ,  
hence t h e  UPDATE previously carr ied out i s  not invalidated. It would not 
of course be able t o  deal properly with cases where major land use changes 
have a l te red  the  purpose s p l i t  between zonal pairs .  Table 4 shows the overall  
r e su l t s  of t h i s  process, with t he  1975 purpose s p l i t s  fo r  comparison. 
- 
3.8 Temporally d i s s g r e g a t i n ~  the  HBW private  matrix 
Fig. 1 3  shows i n  tabular form the  9 par ts  o f t h e  KBW private  vehicle 
matrix and the  nine par t s  of the  "other" pr ivate  vehicle matrix (CVs not 
included). This section describes t he  procedure used for  disaggregating 
the f i r s t  s i x  par t s  of t h e  HBW matrix, i . e .  those with destination i n  
the  central  or  intermediate areas. 
A s  already mentioned, t he  s t ra teg ies  t o  be t e s t ed  applied only t o  
firms i n  the  cen t ra l  area, and therefore it was not necessary t o  have 
a r r iva lprof i les  ?or individual firms i n  areas outside the  centre. For HBW 
t r i p s  t o  intermediate area  destinations therefore,  one a r r i v a l  p ro f i l e  was 
established f o r  t he  whole area,  t h i s  being the same as  the  aggregate prof i le  
for  a l l  cen t ra l  area firms. 
Once prof i les  had been obtained or estimated as  described i n  Chapter 
2,  they were added together on a zonal basis ,  weighted by the  number of 
employees i n  each firm arr iving by car.  Then, by assuming t h a t  t he  prof i les  
of firms employing l e s s  than 15 (which i n  1976 accounted for  25% of t o t a l  
employees i n  the  cen t ra l  area, 6% intermediate) a r e  not substant ia l ly  
dif ferent  from those employing more, these zonal a r r iva l  p rof i les  were 
applied t o  those par t s  of t he  HBW matrix with destinations i n  t he  cen t ra l  
and intermediate areas. The zonal a r r iva l  prof i les  were applied by 
destination zone, by applying a fac tor  H t o  each element i n  t he  column t 
where 
t+L+A t 
j r ( t  )tit 
Where Ht = factor  for  time s l i c e  beginning a t  time t ,  i n t o  which the  
t r i p s  a r e  beingaiportioned. 
TABLE 4 
1975 and 1980 0-D Matrices (7.45-9.15 am) by Purpose 
PURPOSE 
CV 
HBW 
OTHER 
TOTAL 
1975 
% 
18  
5 3 
29 
100 
1980 UP DATE 
% 
19 
51 
30 
100 
TRIPS 
3151 
8301 
4942 
1,6394 
Fig. 1 3  Relationship of cordon flows t o  par t s  of t he  matrix (pr ivate  veh. t r b )  
1 2 3 4 5 6 7 8 
w 
X Trips intercepted i n  f u l l  by the given cordon. 
Only some t r i p s  intercepted - most pass around cordon. 
* See Figure 12: w : work;-, o : other. 
A t  = length of time s l i c e  
n = no of time s l i c e s  over t he  period of t he  t o t a l  0-D matrix 
f (t)= the  a r r i v a l  p ro f i l e  function 
L = time l ag  
The time l ag  L i s  t o  account for  t he  difference between the time a t  
which vehicles t raverse  t h e  cordon, and the  ( l a t e r )  time a t  which t h e  
occupants of those vehicles a r r ive  a t  work. It i s  an average figure,  
obtained from surveyed network times as 5 minutes. 
3.9 Temporally disaggregating the  "other" pr ivate  vehicle matrix 
This section deals with t h e  method for  dealing with the remaining 
three par ts  of t he  HBW matrix ( t r i p s  with external dest inat ions)  and a l l  
other private vehicle t r i p s  combined. Fig. 13,  col. 4,  shows the par t s  
which have t o  be disaggregated and col. 2 shows the number of t r i p s  i n  each 
par t  (only those t r i p s  which t raverse  par t  of t he  SATURN network a re  
included). Cols. 5 t o  8 show the  par ts  of the  matrix which are  intercepted 
by each of the  two cordons, i n  each direction.  It can be seen tha t  the  
outer cordon outbound (col .  8) in tercepts  a l l  the  remaining portion of t he  
HBW matrix, t he  equivalent par t s  of t he  "other" matrix, and nothing else .  
Hence prof i les  obtained from outbound flows a t  t he  outer cordon can be 
applied d i rec t ly  t o  the  sum of these s i x  par t s  ( i . e .  a l l  t r i p s  with external 
destinations).  
To avoid problems caused by route choice, t he  cordon flows were added 
t o  produce one prof i le ,  which was applied t o  t he  sum of t he  s i x  pa r t s  
uniformly ( i . e .  one factor  per time s l i c e ) .  
Note t ha t  as  we are  not using the  cordon flows i n  terms of absolute 
numbers, but ra ther  a r e  looking a t  t h e  r e l a t i ve  flows a t  di f ferent  times i n  
the  peak period, it is  not necessary t o  have a completely "car-tight" 
cordon, i . e .  no harm w i l l  be caused by leakages through minor uncounted 
roads. (This is not so for  t h e  inner cordon as  w i l l  be shown l a t e r . )  
There therefore remain t o  be disaggregated, those pa r t s  of t he  "other" 
matrix with cen t ra l  and intermediate area destinations.  As can be seen, 
no cordon matches these flows par t icu la r ly  well, ( a  perfect  match being 
where the flows t o  be s p l i t  are  counted, and no other flows are  counted.) 
However it i s  possible because of t he  location of t he  inner cordon ( ins ide  
the  inner r e l i e f  roads) and the  r e l a t i ve  number of t r i p s  i n  each par t  of t he  
matrix, t o  use the inner cordon inbound flows i n  conjunction with pa r t s  of 
t he  already disaggregated HBW matrix, as  follows (see Fig. 14) .  
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Fig. 1 4  Production of p ro f i l e  for  application t o  "OTHER" private  veh.matrix. 
No vehs. 
No vehs. 
I-'HBW & E-C HBW 
(from firm's surveys) 
3. 
time 
% of 
peak period 
4. 
Non-wgrk t r i p s  time 
( 4 )  normalised 
1. A l l  private vehicle t r i p s  inbound a t  t he  inner cordon a re  summed 
and a flow p ro f i l e  produced as  i n  Fig. gk(1). This prof i le  shows 
numbers of vehicles by time period, ra ther  than gercentages. 
2.  The prof i le  produced i n  (1 )  includes t r i p s  i n  s i x  par t s  of t he  
HBW matrix a s  indicated i n  Figs. 12 & 13. For four of these par t s  
(intermediate t o  intermediate, intermediate t o  external,  external 
t o  external,  and external t o  intermediate) t he  number of t r i p s  
intercepted by t h e  cordon w i l l  be minimal, due t o  i t s  location,  
and these pa r t s  can therefore be disregarded: However t he  inter-  
mediate t o  cen t ra l  area and external t o  cen t ra l  area  HBW t r i p s  are  
fu l ly  intercepted by the  cordon, and as  these t r i p s  are  l i ke ly  t o  
exhibit  a markedly different p rof i le  f romthe  non-HBW t r i p s ,  t h e i r  
effect  must be removed. 
3. This can be done by obtaining the prof i le  for these t r i p s  from 
the  firm's surveys, and subtracting t h i s  f romthe  cordon prof i le  
t o  produce a prof i le  Fig. 14(3) composed mainly of pa r t s  2 and 3 
of the non-HBW matrix, i . e .  intermediate t o  central  and external 
t o  central  area  non-HBW t r i p s .  
4. There are  s t i l l  four par t s  of t he  non-HBW matrix e i t he r  not covered 
or  only p a r t i a l l y  covered by the prof i le  obtained i n  ( 3 ) .  However 
the  numbers of t r i p s  i n  a l l  these par t s  bar one are  r e l a t i ve ly  small 
and therefore t h e i r  effect  on the  shape of the  prof i le  can be dis- 
regarded. The one exception i s  external t o  intermediate area t r i p s .  
These form quite a substant ia l  portion of t he  t r i p s  being temporally 
disaggregated, however there  i s  no reason t o  think t h a t  t h e i r  p rof i le  
w i l l  be substant ia l ly  d i f fe ren t  from the  r e s t  of the  t r i p s  i n  t he  
same purpose groups. Thus it i s  considered reasonable t o  apply the 
prof i le  shape of Fig. 14!4) t o  a l l  t he  remaining par t s  of t he  "other" 
matrix, i . e .  those par ts  with cen t ra l  or intermediate area  destinations.  
3.10 Temporally disaggregating: t he  CV matrix 
Because it was possible t o  ident i fy  C V ' s  during the  cordon counts, 
it became possible t o  disaggregate t he  CV matrix using t h i s  cordon data.  
As before, a p rof i le  was f i t t e d  t o  t he  cumulative cordon crossing 
count data i n  order t o  smooth out var ia t ions ,  but i n  t h i s  case a th i rd-  
degree polynomial ra ther  than a l o g i t  curve gave the  best  fit. For t r i p s  with 
cen t ra l  area destinations,  the  inner cordon inbound flows were used; for  
intermediate area destinations ' the outer cordon inbound flows were used, 
and for  external destinations the outer cordon outbound flows were used. 
4. SATURN MODIFICATIONS AND APPLICATION 
4.1 Introduction 
In order t h a t  we could model t he  effect  of changes i n  t h e  temporal 
dis t r ibut ion of t r i p s  throughout t he  peak period it was necessary that 
modifications be made t o  SATURN, which u n t i l  t h a t  time was only capable 
of modelling a single (assumed uniform) time period. These modifications 
mainly concerned t h e  passing over of queues found a t  t h e  end of one time 
period t o  t he  subsequent period. Ideal ly  t he  basic simulation and assign- 
ment algorithms i n  SATURN would have been exactly the  same i n  the  modified 
version a s  i n  the  version used i n  t he  e a r l i e r  UPDATE procedure. However, 
SATURN was i n  an act ive stage of development a t  t he  time, and i n  f ac t  
between our UPDATE stage and our strategy t e s t i ng  stage a f a i r l y  major 
improvement was made t o  t h e  algorithm for  simulating delays a t  roundabouts. 
This could not be ignored, a s  there  were several  roundabouts i n  t he  
W e f i e l d  network, and it was therefore necessary before t e s t i ng  any 
strategy, t o  reca l ibra te  t he  network (par t icular ly  t he  parameters for  
roundabouts such a s  c r i t i c a l  gap) against t he  t o t a l  1 hr 0-D matrix. The 
r e s u l t s  of t h i s  recla ibrat ion are  described i n  Chapter 5. 
4.2 SATURNQ 
Having recal ibrated t h e  network, we were then i n  a posit ion t o  
run SATURNQ (the version of SATURN which deals with l inked time periods).  
The main problem in using SATURNQ (or any other model which t r e a t s  flow 
a s  a continuous variable ra ther  than d isc re te  vehicles or  'packets' of 
vehicles1 i s  t ha t  t he  model assumes t h a t  t he  0-D input represents average 
steady s t a t e  conditions for  t he  whole of the  modelled period (1 hr;  1 5  
minutes etc.  1. However 0-D ' s and flows may actual ly  be changing over t he  
course of t he  modelled period, and hence some junctions, f o r  example, 
may be undersaturated a t  t he  beginning of t he  period but oversaturated 
a t  t he  end. This l eads  t o  t w o  problems: 
( 1 )  Does the  assumption of 'average' flows lead t o  b ias  i n  t he  
output r e s u l t s  for  delays, queues, e tc .?  
(2 )  l b w  should t h e  queues formed a t  the  end of one period be passed 
on t o  t he  subsequent one? 
For (1) we can be sure t h a t ,  i f  t he  re la t ionship of d e l a p ,  queues 
e tc .  t o  flow i s  not l i n e a r  then t h e  'a+eraget delays e t c .  produced by 
assuming an average flow w i l l  be biased. In  fac t  the  re la t ionship i s  not 
l i nea r ,  but t he  bias  so produced- can be minimised by modelling suff ic ient ly  
short time periods t o  minimise t he  non-linearity effect .  
For ( 2 )  S A m Q  f inds  which queues have formed and not cleared a t  
the  end of t h e  f i r s t  period, and notes the  paths which the vehicles i n  
those queues were assigned t o  take. Before t he  second period 0-D i s  
assigned, t he  uncleared queues from period one a re  loaded on the  network 
on t h e i r  previously assigned paths, but a l l  queues a r e  s e t  t o  zero. 
Therefore t h e  delays and queues reported for  each time period are  
those which would be produced by t h e  par t icular  0-D i n  i so la t ion ,  except 
i n  so f a r  a s  the  effect ive capacity of cer ta in  l i n k s  i n  t h e  network i s  
reduced by the  presence of flows from the  preceding period. The S A m Q  
documentation describes t he  procedure as  follows: 
"Since the  simulation stage of FATURN is  essen t ia l ly  s t a t i c ,  t he  
presence of queues cannot be modelled d i rec t ly ,  and approximations a r e  
made when modelling queues passed between successive time periods. 
It is  assumed tha t  queued t r a f f i c  w i l l  clear  during the  following 
period and queues are  loaded a s  fixed volumes on the routes determined 
i n  t he  f i r s t  time period. One e f fec t  i s  t h a t  the  overal l  s t a t i s t i c s  
concerning delayed time may be inaccurate and should be taken as  indications 
ra ther  than absolute measures. " 
This is obviously not t he  perfect  solution, and a be t t e r  solution 
would be f o r  example t o  pass on the  queues a s  well as  t he  flows. However 
t h i s  would have involved a considerable programming effor t  by t he  SATUEiN 
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team, beyond the man-hours available a t  the  time. 
Nevertheless, it was f e l t  t h a t  the  simplified procedure adopted, 
while perhaps not being capable of reproducing the  base conditions 
accurately, would still be capable, with t he  use of some manual adjustments, 
of ref lect ing the difference between the various t e s t  s t ra tegies .  
The manual adjustments mentioned were required where it was 
desired t o  know t h e  queue lengths and delays/vehicle a t  specif ic  junctions. 
A s  already mentioned, t he  program se t  t he  queues t o  zero a t  the  s t a r t  of 
each period, so t ha t  if a queue on a l i nk  was uncleared a t  t he  end of 
period t ,  t he  delay t o  a l l  vehicles on tha t  l i n k  i n  period t + 1 would 
be under-reported by an amount approximately equal t o  t he  time it would 
take the  previous queue t o  disperse. 
These manual adjustments were carried out for  a l l  oversaturated 
l i nks  and a re  incorporated in to  t he  figures reported i n  t h i s  paper and 
i n  May and Montgomery (1983). 
5. CALIBRATION, VALIDATION AND STRATEGY FORMULATION 
5.1 Recapitulation 
A s  described e a r l i e r  i n  Chapter 3, t he  or ig ina l  0-D matrix was 
( 1 )  updated t o  agree with measured 1980 hourly l i n k  flows, ( 2 )  growthed 
up from 1 hr t o  1; hrs;  (31 disaggregated by purpose and by time. 
Before proceeding any fur ther ,  it was thought prudent t o  check t h a t  
t he  sum of t he  disaggregated matrices was s t i l l  compatible with t he  
r e s u l t s  of t he  UPDATEruns, i . e .  t ha t  no ari thmetical  mistakes had been 
made i n  any of t he  numerous manipulations described above. Table 5 
shows the t o t a l s  of t h e  0-3) matrices ( a l l  purposes) dissaggregated by 
time giving a t o t a l  for  the  1 6  hour period 7.45-9.15 of 16,378 t r i p s .  
This compares w i t h t h e  t o t a l  t r i p s  a f t e r  updating (but before disaggregation) 
of 3151 [CVI + 8,301 ( H E W 1  + 4,942 COT HER^ = 16,394 (TOTAL] i . e .  16 t r i p s  
have been l o s t  i n  t he  various manipulations o f t h e  disaggregation process 
(due t o  rowding e r ro r s1  which is l e s s  than 0.1% of t h e  t o t a l .  
TABLE 5 
0-D T R P  TOTALS FOR 1980 BASE STRATEGY BY TIMF: (ALL PURPOSES) 
Time Period 
7.45-8.00 
8.00-8.15 
8.15-8.30 
8.30-8.45 
8.45-9.00 
9.00-9.15 
TOTAL 
T o t a l  Trips 
2228.6 
2733.5 
3057.1 
3032.5 
2853.8 
2472.5 
163T8.0 
5.2 Calibration Runs 
Having obtained a s e t  of temporally disaggregated 0-D matrices as  
already described, which because of the  UPDATE process were known t o  be 
broadly i n  agreement with measured l i n k  flows (Table 31, it should then 
have been possible t o  proceed d i rec t ly  t o  the  next stage of assigning 
the  1 5  minute 0-D matrices t o  t he  network v i a  SATURNQ. However a s  
explained i n  Chapter 4, changes had been made t o  some SATURN algorithms in  
t he  interim, and it was therefore necessary to  reca l ibra te  t he  network i n  
order that the  t o t a l  0-D matrix should s t i l l  produce broadly the same 
flous, queues and delays a s  a t  the  end of t he  UPDATE process. 
The methods used for  ' f ine  tuning' the  network included: a l te r ing  
the m i n i m u m  acceptable gaps a t  (1) p r i o r i t y  junctions, (2)  roundabouts i n  
the  simulation stage; adjusting the saturation flows a t  individual junction 
approaches; adjusting the  assumed free-run time on individual l inks .  
Furthermore, it should be noted tha t  a l thoughthe junction of 
Barnsley Road and Doncaster Road south of Chanty Bridge was geometrically 
a roundabout, it was always police controlled during the  peak period and 
hence behaved operationally a s  a signal controlled junction. For t h i s  
reason it was decided t o  model t h i s  junction as  i f  it were signal controlled, 
e t h  cycle time, green times and stagings obtained by observation. 
Minor changes t o  t he  green and cycle times a t  t h i s  junction therefore 
provided another source of f ine  tuning. 
The c r i t e r i a  used t o  determine whether the  network was being modelled 
correctly were: (11 hourly flows on the 11 l inks  crossing the  in te rna l  
cordon inhound, separately and i n  t o t a l .  (21 queue lengths a t  selected 
junction approaches. 
Table 6 shows the  progress of c r i te r ion  (1 1 through t h e  runs, 
where it can be seen tha t  by t h e  f i n a l  run t o t a l  cordon crossing inbound 
flows differed from the  observed by l e s s  than 5%, with individual l i nks  
differing by from 0 t o  f 37%. 
For c r i te r ion  ( 2 1 t h e r e  was no data on queue lengths avai lable ,  
so that t h i s  t e s t  consisted simply of ensuring tha t  t he  modelled queue 
lengths  were reasonably consistent with our l oca l  knowledge of t h e  
conditions a t  the  given junctions. 
TABLE 6 
COMPARISON OF MODELLED VERSUS OBSERVED FLOWS 
FOR CALIBRATION RUNS 
8 
614 
685 
629 
692 
682 
652 
681 
593 
671 
643 
638 
+4 
Station No. 
ObservedFlow- 
Modelled Flow 
1 
2 
3 
ffi 1 4 
z 5 
5 6 
ffi 
% 
0 
7 
H 
3 8 9 4 10 
U 
11 
12 
13 
2 
625 
562 
676 
662 
647 
585 
648 
64.5 
673 
689 
691 
1 
134 
518 
314 
580 
615 
680 
221 
110 
109 
14> 
165 
9 
578 
668 
535 
593 
630 
648 
661 
737 
710 
710 
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+23 
3 
328 
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1-72 
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295 
228 
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201 
209 
206 
10&11 
1218 
953 
919 
1086 
1076 
1022 
1064 
1007 
1089 
1029 
1047 
-14 
- 
TOTAL 
5547 
5373 
5077 
5631 
5674 
5821 
5360 
5277 
5311 
5286 
5308 
-4.3 
7 
416 
353 
354 
353 
354 
353 
354 
353 
353 
354 
354 
4 
679 
494 
660 
615 
582 
697 
609 
459 
504 
547 
539 
5&6 
955 
980 
818 
887 
914 
889 
894 
1043 
1001 
960 
955 
5.3 Validation 
Having sa t i s f i ed  ourselves t ha t  the network and t o t a l  0-D matrix 
were sat isfactory,  it was then possible t o  proceed with t he  next stage of 
assigning the  temporally disaggregated 0-D's using SATURNQ. Because t h e  
cordon crossing flows had been used i n  the  disaggregation process, it 
was thought t ha t  it would not be very inst ruct ive t o  compare modelled 
and observed cordon flows. Rather, it had been decided a t  an ear ly  stage 
i n  t he  study tha t  a useful measure of the  accuracy of t he  whole modelling 
process would be the  t r ave l  times on selected congested l i nks  through 
the  peak. In  order t o  measure these t r ave l  times, number p l a t e  matching 
surveys were carr ied out on three approach corridors,  v iz  Barnsley Rd, 
Doncaster Rd and Westgate. One observer was stationed a t  each of several  
points  on each route, and recorded the l a s t  four d i g i t s  ( 3  numbers and 
year l e t t e r ]  of a l l  buses and l o r r i e s  and most cars.  The reg is t ra t ions  
were recorded using portable tape recorders, and the time of day was a lso 
recorded a t  approximately 5 minute in te rva ls  so t h a t  when l a t e r  transcribing 
the  tapes a curve f i t t i n g  routine could be used t o  r e l a t e  clock time t o  
tine posit ion on the  tape for each reg is t ra t ion  (Montgomery, 1983). 
After assigning a clock time t o  each reg is t ra t ion  number, a standard 
matching program w a s  used t o  determine the mean t r ave l  time between survey 
points b y 1 5  minute periods from 7.30 t o  9.30 am. 
Figures 1 5  and 16 show for  Barnsley Rd and Doncaster Rd respectively,  
t he  measured mean t r ave l  times and those modelled by SATURNQ. It can be 
seen that for  Barnsley Rd there  is  qui te  a large discrepancy for  t h e  
first half of the modelled period reaching convergence i n  the  second half .  
For Doncaster Rd however t he  discrepancies are  remarkably small over the  
whole peak. (On Westgate bothmodelled and surveyed delays were very 
m a l l .  I It was considered tha t  the  r e s u l t s  depicted i n  Figs. 1 5  and 16 
were a s  good as  could be expected, considering t h a t :  
( i r  The numher p la te  matching surveys were carried out on one day 
only a t  each s i t e  (18th and 19 th  Novemher 19801 whereas t he  
O-D matrices were based on 1975 data updated using l i n k  flows 
collected over several  months i n  1980. 
( .T i1  The junction causing the  delays on these two l i nks  was i n  fac t  a 
roundabout controlled by-police, and was therefore modelled as  if 
it were t r a f f i c  signals.  
Measured journey times - Barnsley Rd approach to Chantry 3r 
5o01 
I I I I I 
0730 0800 0830 0900 0930 
Time o f  day 
F i g .  15 d = 1.33 km,  uncongested J.T. = 100 secs ( a t  30 mph) 
Measured journey t imes - Doncaster Rd approach to Chantry Br 
5 00 
I I I I I 
0730 0800 0830 0900 0930 
Time of day 
F ig .  1 6  d = 1.33 k m ,  uncongested J.T. = 100 secs ( a t  30 mph)  
(iii) The presence of ' ou t l i e r s '  i n  the  t r ave l  times obtained by 
the  matching process may have biased the mean t r a v e l  time upwards. 
(The extent of t h i s  problem was not known a t  the  time of the  
surveys, but has since been investigated a t  some length - see 
May, Montgomery and Fowkes, 1983). 
5.4 Strategy Formulation 
It had been decided a t  an ear ly  stage t h a t ,  ra ther  than attempt t o  
predict  the  response and efects  on t r a f f i c  of one s t ra tegy for  rescheduling, 
several s t r a t eg i e s  would be tes ted ,  thus providing an indication of t h e  
range of l i k e l y  effects .  
Strategy 1. Base Condition, the  purpose of which was t o  val idate  t h e  
model a s  already described, and t o  ac t  as  the  benchmark from which t o  compare 
the  e f fec t s  of other s t ra teg ies .  
Strategy 2. Previous Condition, the  purpose of which was t o  estimate 
the  benef i ts  gained by those f lex ib le  and staggered hour.:arrangements 
which had already been adopted. 
Strategy 3. Feasible FbTK/InternaJ. Staggering. This and the following 
two s t ra teg ies  were meant t o  reproduce the e f fec t s  l i k e l y  t o  be achieved 
if a loca l  authority act ively promoted work journey rescheduling i n  the  
central  area. In this s t ra tegy only f lex ib le  hours and in te rna l  staggering 
( i . e .  staggered work hours for  employees within t he  same firm) are  promoted, 
and it i s  assumed tha t  hdlf t h e  firms concerned a re  unwilling t o  co-operate. 
Strategy 4. External Staggering. A s  for  3, hut where external 
staggering is  promoted (i.e. s t a r t  times of whole firms a re  staggered 
i n  re la t ion  t o  adjacent firms). 
Strategy 5. Combination of Stra tegies  3 and 4. 
Strategy 6. Maximum Effect .  As for  5 except t ha t  t he  e f fec t  of 
'lack of co-operation' was removed. 
5.5 Detai ls  of Adjustments made t o  Model Stra tegies  
Chapter 2 described how the a r r iva l  pattern of employees by car a t  
each firm was modelled by a l o g i t  curve, w i t h  the  parameters cr. and 6, a 
representing the  average a r r iva l  time and B t he  spread of times. This 
section describes for each s t ra tegy 1) How it was decided which firms 
would change t h e i r  work hours; ( 2 )  How the  s i ze  and type of change was 
decided upon. Table 7 summarises t he  numbers of firms and car dr ivers  
affected by each strategy. 
Strategy 2 - Previous Condition 
For t h i s  s t ra tegy a l i s t  was drawn up of a l l  central  area  firms which 
were currently on flexible or  staggered hours (46 out of a t o t a l  of 97). 
In order t o  simulate conditions pr ior  t o  the  introduction of f lex ib le  
hours i n  these firms, t he  6 value f o r  each firm was ra ised by 0.0455, 
t h i s  being the difference between the  mean 8 for  surveyed fixed hour firms 
(0.1154) and the mean 6 for  other surveyed f i r m s  (0.0699). These means 
are  the  unweighted arithmetic means of the  fixed hour f i r m s ,  and f lex ib le  
or  staggered hour firms shown i n  Fig. 9. 
Strategy 3 - Feasible FWH/Internal Stauaering 
For t h i s  s t ra tegy a l i s t  was drawn up of a l l  central  a r ea  firms which 
were currently on fixed hours ( t he  converse of 2 above). Those firms for  
which f lex ib le  hours o r  i n t e rna l  staggering was considered feasible  were 
then determined, on the  bas i s  of SIC and knowledge of individual firms. 
I n  general FWH/Internal Staggering was considered feas ib le  i n  a l l  except 
SIC No. 3 (Dairy company), 20 (Constructionl, 23 (Distributive Trades) 
and 26 ( ~ i s c e l l a n e o u s ) ,  except t ha t  l a rge  s tores  (SIC 23) were considered 
feasible.  
Having now obtained a l i s t  of all firms currently on fixed hours for  
which FUH/Internal Staggering was considered feasible ,  t he  effect  of non- 
co-operation with a l oca l  authori ty  promotional campaign was modelled by 
assuming tha t  only 50% of .these firms would i n  f ac t  respond. The firms 
deemedto co-operate were chosen a t  random, and t h e i r  change i n  work hours 
was modelled by lowering t h e i r  6 value by 0.0455, the same value used i n  
t he  previous strategy. 
TABLE 7 
NUMBERS OF FIRMS (AND CAR DRIVER EMPLOYEES) AFFECTED 
BY EACH WJR STRATEGY 
Strategy 
No. of firms thought 
capable of co-operating 
(car d r ivers )  
No. of firms 'asked' 
t o  cowperate 
(car dr ivers)  
No. of firms 'agreeing' 
t o  co-operate 
(car  d r ivers )  
1 
97 
(2433) 
N/A 
N'A 
2 
-46 
(-1365) 
-4 6 
(-1365) 
-46 
(-1365) 
3 
25 
(640) 
25 
(6401 
13 
(375) 
4 
26 
(428) 
22 
(3101 
11 
(179) 
5 
51 
(1068) 
47 
(950) 
24 
(554) 
6 
51 
(1068) 
47 
(9501 
47 
(950) 
Strategy 4 - External Staggering 
For t h i s  s t ra tegy again a l l  firms currently on fixed hours were l i s t e d ,  
but this time our i n t e r e s t  was i n  those firms where FWH/Internal Staggering 
was considered infeasible  (i .e.  t he  converse of 3 above). A histogram was 
then drawn of t he  s t a r t  time of these firms, from which it could be seen 
t h a t  t he  great  preponderance 117 out of 26) s ta r ted  a t  9 am. With t h e  
purpose of t he  exercise being t o  smooth the peak, it was considered t h a t  
not all firms would be asked t o  change t h e i r  hours, but only those whose 
- 
employees were a r r iv ing  a t  t he  peak time. The strategy decided upon attempted 
t o  achieve the  maximum smoothing with the l e a s t  amount of change t o  
individual firms, and consisted of asking 2 firms s t a r t i ng  a t  8.45 t o  
move t o  8.55; 3 firms from 8.50 t o  8.55; 5 firms from 9.00 t o  9.05; 6 firms 
from 9-00 t o  9.10; and 6 firms from 9.00 t o  9.15. These firms1 a values 
were changed accordingly. 
Finally,  once again the  effect  of non-co-operatian was modelled by 
assuming t h a t  only 50% of those firms 'asked1 would i n  f ac t  change t h e i r  
hours, these firms being chosen a t  random. The change i n  s t a r t  time was 
effected by increasing t h e  a value bY the  appropriate amount. 
S t ~ a t e g y  5 - Combination of 3 and 4 
All f i r m s  deemed t o  co-operate i n  3 plus a l l  those deemed t o  co-operate 
i n  4. 
Strategy 6 -Maximum Effect 
In  t h i s  strategy t h e  non-co-operation effect  was removed, so t h a t  all 
firms where FWH/Internal Staggering was considered feas ib le  i n  Strategy 3 
were considered t o  co-operate, and a l l  firms which were asked t o  change 
t h e i r  hours i n  Strategy 4 (External Staggering) did  so. 
6. CONCLUSIONS ON OUTSTANDING MODELLING ISSUES 
The modelling method adopted was not designed t o  predict  the  precise 
response of employees t o  t he  introduction of f lex ib le  work hours schemes, 
nor does it attempt t o  model any 'feedback' effect  whereby changes i n  
t r a f f i c  congestion consequent on new work hours schemes may induce employees 
t o  make fur ther  changes i n  t h e i r  times of t rave l .  A model capable of 
-. . 
doing t h i s  would be more complex than adopted here, and require considerable 
development work. (Appendix B puts forward our ideas on the content and 
requirements of such a model.) Development of such a model would be a 
valuable contribution t o  our understanding of t he  response t o  f lex ib le  
work hours. 
The method adopted here assumes tha t  when a firm adopts f lex ib le  
o r  staggered work hours, t he  a r r iva l  pattern of i t s  employees w i l l  be 
similar t o  t h a t  current ly  shown by other f i r m s  of a similar type already 
on f lex ib le  or  staggered hours. This assumption seems t o  be supported by 
the  data from the  f a i r l y  high proportion of firms i n  t he  study area which 
were already on f lex ib le  o r  staggered hours, and could readi ly  be t e s t ed  
by conducting surveys of firms which do change t h e i r  work hours. The main 
problem i s  l i k e l y  t o  be lack of information on such changes. 
Logit curves were f i t t e d  t o  the  cwnulative percentage of employees 
arr iving a t  each f i r m  (by car and by a l l  modes). It was found t h a t  t h i s  
c lass  of curves f i t t e d  the  data well i n  most cases, with t he  notable 
exception of one firm (No. 96) where the provision of a works bus meant 
t h a t  t he  great  bulk of employees arrived a t  one time. As we were 
pr incipal ly  concerned with employees arr iving by car ,  t h i s  was not a 
serious problem, but would merit fur ther  a t tent ion i f  all modes were being 
modelled. 
The method used for  temporally disaggregating t h e  base 0-D matrices 
was somewhat complex, and was specific t o  t he  study area i n  that it r e l i ed  
on the existence of a car-tight cordon just  ins ide the  inner r ing  road. 
Tke method would therefore  not be transferable t o  other locat ions  without 
careful survey planning. 
An enhanced version of SATLTRN was u s e d t o  assign the temporally 
disaggregated 0-D matrices t o  t h e  road network. D i f f i cu l t i e s  were encountered 
in cal ibrat ing the base data ,  due i n  par t  t o  the  preponderance of 
roundabouts i n  Wakefield, (whereas SATURN i s  pr incipal ly  designed for  
networks with a high density of signalised junctions); and pa r t l y  t o  
t he  f a c t  t h a t  SATURN was i n  t he  process of development during the  course of 
our study, so t ha t  t he  version used for updating the  0-D matrices was 
different  in some respects from that used i n  assigning the  disaggregated 
- .  
matrices. 
Other drawbacks ko the use of SATURN i n  t h i s  par t icu la r  project  were 
the method adopted for  passing queues formed a t  t he  end of one time period 
t o  the next and t he  fac t  t ha t  flows within eacht ime period are  assumed 
t o  be uniform. The first of these required the  use of manual adjustments 
t o  the output i n  order t o  correct  for  under-reporting of delays in  queues, 
while the  second meant t h a t ,  as  vehicles were not considered individually, 
a l l  vehicles coming onto the network during the  period modelled would be 
loaded on t o  t h e i r  respective l i nks  for  t he  whole of t h a t  period, 
i r respect ive of whether t h e i r  origin was a t  the  edge of t he  network or  close 
t o  the  centre. This would lead t o  d i f f i c u l t i e s  i n  a la rge  network- i f  t he  
t r ave l  time across the  network were greater than the time period being 
modelled, however i n  t h e  case of Wakefield t he  network was suf f ic ien t ly  
small for  t he  problem t o  be ignored. While the  f i r s t  of these problems 
could readi ly  be overcome, t he  second would need a dif ferent  approach t o  
t he  detai led modelling of t r a f f i c  movements. 
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APPENDIX A 
SWmnary of SIC Orders 
1. Agriculture, Forestry, Fishing 
2. Mining and Quarrying 
3. Food, Drink ana Tobacco 
4. Coal and Petroleum products 
5. Chemical and Allied Industries 
6. Metal manufacture 
7. Mechanical ~ng inee r ing  
8. Instrument Engineering 
9. Elec t r ica l  Engineering 
10. Shipbuilding and Marine Engineering 
11. Vehicles 
12. Metal goods not elsewhere specified 
13. Texti les  
14.  Leather, Leather goods and Fur 
15. Clothing and Footwear 
16. Bricks, Pottery, Glass, Cement e tc .  
17. Timber, Furniture e tc .  
18. Paper, Printing and Publishing 
19. O t h e r  manufacturing indus t r ies  
20. Construction 
21. Gas, Elec t r i c i t y  and Water 
22. Transport and Communication 
23. Distributive Trades 
24. Insurance, Banking, Finance, and Business Services 
25. Professional and Scient i f ic  Services 
26. Miscellaneous Services 
27. Public Administration and Defence 
APPENDIX B 
1. Requirements of a  Model t o  Test the  Response t o  Work Journex 
Rescheduling Pol ic ies  
It i s  not intended a t  t h i s  stage tha t  specific po l ic ies  should be 
tes ted  i n  Wakefield; ra ther  t he  intention is  t o  predict  t he  e f fec t s  of 
possible po l ic ies ,  and t o  understand the causal process by which such 
e f f ec t s  would occur. To do t h i s  it is  necessary t o  construct  a  model which 
- 
describes t he  process of choice of time of t r ave l .  Such a  model could also 
help overcome the  problems of i so la t ion  of effects  of any onk measure from 
seasonal and other changes, and enable t he  understanding gained from work 
i n  Wakefield t o  be t ransferred t o  and applied i n  other locations.  
Such a  model needs t o  be able t o  describe: 
( i )  the  exis t ing pat tern of t r ave l  t o  work; 
[ i i )  t he  constra ints  which l i m i t  choice of time of a r r iva l ;  
(iii] t he  cos t s  of using a l te rna t ive  modes a t  di f ferent  times; 
( i v l  t he  choice process for  selecting time of t r ave l  based on 
these constra ints  and costs;  
(v] any changes i n  mode accompanying such changes i n  time of 
t ravel ;  
[vi)  t he  response of t h e  transport  system t o  changes i n  t h e  temporal 
and modal d i s t r ibu t ion  of demand and hence changes i n  t he  
costs  i n  ( i i i )  above; 
( v i i j  the  resu l t ing  costs  and benefits  accruing from transport  
system operation and use, including both the potent ia l  
advantages and disadvantages described above. 
2. Philosophy of t h i s  Approach 
Certain a pr ior  assumptions and assert ions have been made regarding 
the  decision process followed by an individual i n  deciding when t o  leave 
for  work, and by which mode. These are:- 
(1) The decision process i s  one of a l imited choice within constraints.  
(2) The constraints include those a t  the  work end and a t  the  home end of 
t he  t r i p .  (But a l so  see 7 below.) 
(31 The workplace constra ints  are  the  e a r l i e s t  and l a t e s t  o f f i c i a l  time 
for s ta r t ing  work. These two times w i l l  coincide when fixed hours 
apply. 
( 4 )  The household constra ints  include such things as :  having t o  take 
children t o  school, givinglgett ing a l i f t  from someone e l se ,  not 
being able t o  leave u n t i l  all the children have been taken t o  school, 
e tc .  
(51 The household constra ints  come in to  play only when the  workplace 
constraints leave room t o  manoeuvre and vary according t o  t he  ' l i f e -  
cycle' of t he  worker (single person; married with no children; with 
pre-school children; with school children; with e lder ly  r e l a t i ves ,  
etc.1. For example a mother may take her children t o  school before 
going t o  work, and w i l l  thus be l e s s  able t o  vary her work times 
than a mother whose children have grown up. 
(.6) The avoidance of t r a f f i c  congestion i s  not a constra int ,  but enters  
t he  decision process by contributing t o  t he  u t i l i t i e s  of the  available 
choice se t .  
(71 Within the  personal constra ints  determined by the  intersect ion of t he  
mrkplace and busehold constrainbs, the  choice of which time t o  leave 
for  work, and by which mode, i s  based on u t i l i t y  maximisation, 
constrained by the  ava i l ab i l i t y  of modes a t  cer ta in  times (including 
the  e f fec t s  of bus t imetables,  ava i l ab i l i t y  of l i f t s  i n  cars ) .  
3. Idealised Model Structure 
Ideal ly  the  most sui table  s t ructure  of model appears t o  be as  shown 
i n  Figure 1. It i s  a two-tier model in  which the  f i r s t  t i e r  is  a 
disaggregate model i n  which the decisions on time, and mode of t r ave l  of 
individuals i n  t he  l i g h t  of constraints and costs  a r e  simulated. The 
output of t h i s  f i r s t  t i e r  would be a s e r i e s  of modal O-D matrices, one 
f o r  each 'time-slice' of, say, 10 minutes. These would be input t o  the  
second t i e r  of t he  model which would be one or  more aggregate assignment 
models describing the e f fec t s  on the pr ivate  and public t ransport  systems. 
Other inputs t o  t h i s  stage would be any changes i n  t he  costs  of using the  
systems a s  a r e su l t  for  instance of r e s t r a in t  po l ic ies  or  fares  chmges. 
There would need t o  be feed-hack from the second t i e r  t o  t he  f i r s t  t o  
allow the  revised congested l i n k  times calculated by the  assignment model 
t o  be used as  updated input t o  t he  f i r s t  t i e r .  
The most sui table  form for  the  first t i e r  of t he  model appears t o  be 
a microsimulation approach, and t h i s  is  outlined in Section 4. 
There are  several candidates for  t he  pr ivate  t ransport  element of 
the  second t i e r  of t he  model (SATURN, TRAFFICQ, CONTRAM, TRANSIGN) but 
a l l  would require modifications i n  terms of programming language and 
a b i l i t y  t o  model short time-slices or  t o  t ransfer  queues from one time 
period t o  another and some a r e  not capable of modelling l a rge  areas. It 
may well he t h a t  a modified version of SATURN i s  most appropriate since 
it i s  in-house and would require l i t t l e  modification. 
There seem t o  be few options for  t h e  public transport  element but 
one, TRANSEPT, may be appropriate. 
File of Individuals with their Travel Characteristics 
(0, D, SIC, Household Structure etc.) 
Figme 1. Idealised Structure for Work Journey 
Rescheduljng Model. 
- .  
by car 
Travel times 
of Travel to Work and costs by bus 
f 
b / 
r- 
0-D matrices 
of car work of F'!C work 
trips by 
oad traffic time slices , 
i 9 
W 
3 
I 
4 
slice from 
surveys 
. 
/ 
PT Network 
j' Y 
? 
Network \ 
escriptio I 
- 
I .  
I 
Assignment 
to Private 
Network 
- 
Assignment 
to Public 
Network 
Link speeds 
by time slice 
- 
In t h i s  approach we would: 
Simulate the  decisions of ' s i tuat ion groups' (Kreibich 1978) (henceforth 
cal led 'decision groups').  
Each 'decis$on.gsouptdefined by such parameters a s  l i f e  cycle group, sex, 
car  ava i l ab i l i t y ,  e t c . ,  and SIC of workplace. 
The No. of Groups depends on dis t r ibut ion o f t h e  above parameters, i . e .  
l i f e  cycle groups, sex, car  ava i l ab i l i t y  and on d is t r ibu t ion  of SIC. 
For each group i n  turn,  the  microsimulation approach would simulate 
the  decision made by t he  group a s  t o  what time t o  leave home for  work, and 
by what mode. (The process r e a l l y  simulates the  decision of one person, 
who is  taken t o  have a representative probabili ty of the  whole group - 
i . e .  we are assuming s e t s  of people i n  each group, who have ident ica l  
probabi l i t ies  of making ident ica l  decisions, but t h i s  w i l l  not a f f ec t  the 
outcome as  long a s  person-to-person interactionsare not involved, a s  i n  car-sharirg 
It i s  assumed t h a t  the decision as  t o  when t o  leave home f o r  work 
depends on constra ints  a t  t h e  workplace ( e a r l i e s t  and l a t e s t  allowable 
s t a r t  t imes),  constra ints  at the  home end ( e a r l i e s t  possible and l a t e s t  
possible time of leaving) and the  time ( t r a f f i c  conditions, comfort, 
convenience) taken t o  t r a v e l  from home t o  work. The remaining choice within 
t he  f i n a l  constra ints  w i l l  be based on u t i l i t y  maximisation across 
available times and modes. 
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Hence f o r  each 0-D pair/decision group combination, we f i r s t l y  work out 
the  choice s e t  a s  follows:- 
(Earliestt ime of ( e a r l i e s t  allowed (+  la teness  (journey time t . .  
leaving home t o  = time a t  work)(tw) - ear ly  - a t  time t, 1 J  
s a t i s f y  work constra int)  a r r i v a l )  by mode m ) 
i t e r a t i v e  input 
* MC = Monte Carlo 
Similarly, t he  l a t e s t  time of leaving home t o  s a t i s f y  work constra int ,  i s  
found. 
We now have ear l ies t  and l a t e s t  times due t o  work and t r a f f i c ,  t rans la ted  
t o  the  home end. (one s e t  of earl iestand l a t e s t  times for  each mode). 
The second stage i s  t o  f ind the  intersect ion of t he  above constra int  
ranges with t he  home constra ints  - t he  home constra ints  a r e  found by MC* 
sampling from surveyed e a r l i e s t  and l a t e s t  possible leaving times by l i f e  
cycle group, sex, car  ava i l ab i l i t y  and d is t r ibu t ion  of SIC. 
e.g. Poss. times by car  
Poss. times by bus 
H.H constra ints  
Hence f i n a l  choice s e t  by car  
f i n a l  choice s e t  by bus 
The f i n a l  decision within t h i s  choice s e t  would be based on the 
u t i l i t y  of each mode a t  each time. The exact formulation of t h i s  choice 
model w i l l  require some considerable thought, but should idea l ly  (essen t ia l ly?)  
incorporate data on ava i l ab i l i t y  of  each mode at each time ( s l i c e ) ,  t o  
account for:- t h e  discontinuous nature of bus/train services;  the  
unavai labi l i ty  of cars  for  car  sharing a t  ce r t a in  times; unavai labi l i ty  of 
car parking space a t  work end a f t e r  cer ta in  time. 
When a time and mode has been chosen for  each decision group within 
each 0-D pa i r ,  t he  number of persons i n  t he  group i s  placed i n  the  
appropriate time s l i c e  of t he  0-D matrix. Once a l l  decision groups have 
been simulated, t he  modal s p l i t  could be calcualted and checked with exis t ing 
data ( for  ca l ib ra t ion)  o r  for  reasonableness otherwise. One would a l so  have 
a t  t h i s  s tage,  t he  demand p ro f i l e  for  each mode by zone of origin.  
Notes: ( a )  A s  well as t h e  HBW matrices from microsimulation, t he  'OTHER' 
matrices (HBO, EDUC, NHB) would have t o  be assigned. Some 
heroic assumptions may have t o  be made regarding the time 
prof i les  of these matrices. However, e r ro r s  i n  these 
assumptions (unless gross)  should not a f f ec t  t h e  overa l l  model 
too much because (1) t h e  'other'  matrices a r e  a minor element 
- .  i n  t he  peak hour (but not so minor i n  the  
peak perioa) . 
* MC = Monte Carlp 
(2  1 We a re  interested mainly i n  Differences i n  
congestion etc . ,  between policy options - a 
constant error  w i l l  not a f fec t  these differences 
very much. 
(b )  There could be a danger of osc i l l a t ion  of t r i p s  between 
time s l i c e s  i n  successive i t e ra t ions ,  i n  much the  same 
way a s  occurs between routes i n  A-O-N assignments. 
